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COMPLETE SPECEFICATtON 
Production of Heptafluoropropane 



laiiy, gasecma hexafluoropWpMie aad^seous 
anhydious liydrogeu ftuoride msy be coo- 
tmutrtisly lettered, mixed and ied * ™" 
matMs atmosrfwric pttssiHte iato a nxbid^ 
reactor which is padced pffcferably M 
activated carbon catalyse and which jnav 
be made of inert mateiM «ach a* mcKel, 
"Mcnel", or **IiicaiKi" or of stod W ^rach 
graphhe or "Mujidnm", (tbc wds Jvlonel . 
■^iwnel" and "Ahxiidum" Iwbig Rc^tocd 
Trade Marks), ^ eowloped In a suitatdc 
tubular electcic fu-mace prvwded ■with aFiito- 
matic headag fflcans to provide tie rcacttca 
teinpcrature. Product recovery niay_ hf) 



We, Alubd Chemical CtonPORAXioN, a 

The W of the State of New Yo^*, 
States of America, of 61, ^ 
York 6, New Y«k, Ummd States -rf 
America, do hereby declare Hk iCTentioft for 
which we pray that a patent may b* grantea 
to us and the naechod by which it ^ to be 
pcffonned, to be parcicuJarly described m 
and by the following statement: — 
This invencba relates to the j^^u^gi 

CF„ h.p. -17 to "18.5 C, Oaxmattec 
^ rifled «mply a3 S'S^*«ie^^"^^y"^^^^ 

profane is useful a$ a ptfopeUaat and as i 
«seou5 dieJecttic. , i. „ 

It has been piopcsed to make heptafluoro- 
propane by a procedure bvolvmg litpiid-phase 
ieacrioii between heaoauoropropeBC and 
aqueous hydrofluoric acid in a pressure vessel 
at substantial supcramicapheric^ pressures. 
The disadvanta^ of batch, hquid-phase, 
autodavc operations are apparenr. 

It has noi¥ been found tha* activated carbon 
by itself possesses the power of pr^oticg 
reaction of anhydrous hydrogen flnoci^ and 
hejofluoropropene in an easily COptroltebl^ 
an ^s-phasc, catalytic -prooesJ an which 
heptafluoropropaiifi is made la »$y^^t'" 
It OS also of major anporrance. feom toe 
atandpoinc of shnple opcrarion, <hat activaced 
cartwn praraoces the rtaction at aiistantially 
acmcspheiic pressure, «nd require* oaiy 
moderately elevated readiop temperatures. 

Generally, the practice of ^ mvention 
include, effecting reaction betwee^ 



inciuaes chocphs n^Liw** ^""**T_?7IJ ir 
hexafluoropropaw; and gaseous sobs^tfally 
anhydrous hydrogea- fluofidc at moderately 
elevated reaction tcmpejaturca aiid_ sub- 
siancially atmospheric pressmre and m tht 
presence of activated carbon at catalya^ and 
recovering hcptaftuor^wopanc from tbe xc- 
sultbg reaction products. More pamox-. 

IP - " 



tijas art. -Tor caj-miy-Kii v«ftw**** o - 

reaction zone may be passed tbiwi^a 
water scrubber Xp remofwe hydxogai Suct^ 
and those leaving the scpubbtr may be dried 
and dwn- totally condensed in the rec6sv«r 
by suitabJc cooJiug, as by use of_ a 
I>ry Ice-acetone mixture. The r es n yng 
condenaftCc then may be fractionally dikiniled 
TO faoliiatB recowry of t^lie sot^^-^oi pn?- 
duct, and sepsratioo of possibly small amopuats 
of imireacted «ti*tm« material which may 
be recycled if desired. 

The activated cartjun catalysts which ^ 
used m the wiactice of the iaveiiuon may be 
graiHilar materials which are readSy avaflabk 
from se^wal commercial sources, 5iM*ade 
tnaffiriis being variou* grades of around 
14 mesh activated caifcm such as Cohxmbia 
6G, Olumbia SW» and Darco. (TJc vjjd 
^'Darco'' h a l^gfeceeed Trade MarkO The 
gram size is not liEghly critical. OrdaMEfly, 
tic reaction is carried out in dongawd tubidar 
reactors, and it is then desirable to employ 
activated carbon granules of average mesh 
size ^between l/20di and X/4th of the reactor 
diameter; prefeiably the reactor b sub- 
scawially oompfecely filled with grannies oj 
average mesh «ie of about l/8th or 1/1^ 
of its diaioeter. . , 

In order to secure die wnsiually hi^ yidd? 
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obmiiable by iht practice of the in^enxioq, 
it has to€tA fouifd that the reactfoa zo^oe 
temperatune should be hdd in the zange 
of 250 — 450** C. . Ejcpetienoe indicates thac 
a the best yields apptir to be depciideiit upon 
a cotreUtfon ^ •rfiOzp^acufe and mol lacb 
of hydrogen flucads t» hexafiuc-rcpropenc 
starting BiiteriaL ' The reacdon invmv«i 
may be zsptesented by 

10 CF,CF=:CFc+HF — >■ GF.CFHCF-. 
Generally, the <iuantity of hydrcgcn fluotids 
used relative to hexafluoropropine uarcing 
materiai may hs any amount suffident to 
reacc with a subsoniiii quantity of the 
l> hcsafiucrcprapenc, and if hcxaflucropropaie 
convcrsKin and utaizatfcn of hydrofisa 
fluoride per pass ars n&t cf major import&ocej 
hydrogen Sucdde in amount kss than 
cheoitjtical ma^ be enaployed. Hov/evctf, foe 

20 better cverall opisraslan, tha mol ratio of 
hydrogen fluorida to hasaftuoroipropsiie prefer^ 
ably shcidd te in tii^ lange of 1:1 to 3:1. 
When hijh yidds are desired, it is pre&ned 

^ to employ ths hydrogen flcaride in amount 

^ in e:K:e55 of the dicoreti:al requirement, and 
for bMt yk:\di (cf or approaching 100% on 
the basis of the organic star dng material fed) 
a mol latio of hydrogen :fiifGaid* to hexa- 
fluozopropene in the zasge of 1.5:1 -to 3:1 

30 is pi^crred. As demonstrated in the 
•appended CTampIesi, when uciliziog hydrogea' 
fluoride and orgaaic startrng nnterial in the 
prefeired mol ratio range^ and employing 
reaction zone temceratuzes in the range of 

35 375"-425* C, substantiaHy 100% yields of 
heptafiuoiopropane may be oT>tamed. 

A" major advanisige cf the invention is rhat 
^ lea&tion may be carried out efficiendy at 
substantially Aimospben^; pressure as dis^ 

40 dngfiiiehed fronx' the supcratmo&phcfik 
pressures charatterfEtlc of the prior arc It 
wxii be undeneood that tn ^ pta^e of gas- 
phase catalytic pnycease* of the general type 
descr&ed herda, i.e. proc^acs in which A 

45 gas stream is caused to flow successively 
throu^ reaction and product recove^ 
systems, the pressure is considered for practi- 
. cal purposes as being substantially atmos- 
phspic even ithough ft is sufficiemly hi^ on 

50 the input side to effect commerciaHy satire. 
t?^ry gas flow through ^e apparatus train. 
Thus, scricdy spcakbgi depeiiding upM. fac- 
tors such as apparatus desEgn, mesh &ize of 
catalyst, unpadded gas spac? m th^ reactor, 

55 desired ooncacc .timr, etc, -die actual jprcssurcs 
in systems cf the ibd under considcratioa. 
may wy from 2 up to say 10 — 15 pounds 
gaug^ aAd aoccrdingly operarioais <rf ttus 
type pre regarded as bcm^ effected under 

<>0 substantially atmaspheric piessurt, 

Conact time may be varisd considerably 
without noticeable falling off cn process 
efficiency. Generally, an increase in the 
contact Eime^ and reactor temperature results 

^5 in higher utilization of the hydrogen fluoride 



and conversion of h«xaSuorop2opene, and a 
decrease in contact time and icact^r -ampeza- 
ture results in lower uiiMzation of hydrogeix 
flucride and lortrcr conversion. Cootact 
times may lie in the range of 0.3 — 60 seconds, 70 
but wis usua-My and preferably be in the 
range of 1—25 seconds. To a substantial 
extent, contact ctme:^ reactor tmpetatwe and 
ratio of reactants are ini^rehtedi and depend- 
ing upon i^e apparatus and the particular 75 
cpezation at haadj optimum coadiinons as co 
contact nkne may be detennined by test 
runs, 

In £7ani^'!es I and II which follow, the 
reactor ccnsared of a 1 inch imtmal diameter 80 
nickel tuba 42 ineh«s long heaiad eiSftemaUy 
by an electric furnace envdoping aiboiit 30 
inches of its lengi2i. The reactor was pro- 
vided At the inlet end ^th suitable means 
ffff metered intrcducdon of gaseous hexs" 85 
fluoropropue and anhydrous hydrogon 
fluoride, wbasj .the reactor outlet was cm- 
mzvtd to ahe inlet end of a prcduccs Jecomy 
train. The catalyst employed consisted of 
activatsd carbcn (commeicially available 90 
Coluato 6G grade) of 8 — 14 mesh, the 
size being sutai as provsle ^abules 
aviraging about 1/lOth of ihe leantDir 
diameter. The reactor was completely £Ucd 
wiidi' catdyst^ {he total vohime amounting to 95 
about 0,54 litre. The pressure in the 
reactor system about 3 lb. paw., ie. 
sufficient to move the gas stream thn^nzgh 
the reactor system at the contaot lines 
indicated and through the femainder of t^ie 100 
apparatus- train. Percentages are by weight; 

During a psdod of about 125 mitnutes, 
about 77 grams (?.S5 mols) cf anhydiyjus 
hydrogen fluoride and about 308 g. (2.0S 103 
mols) of hesrafluorcpropene were ptemiied 
and metered sato -the reactor system. 
Throughout ths jnm the temperature wiihzn 
the reactor was maintained dn tho range 392 
to 402* C Overall contact time was 110 
approximacely 9 seconds. The vapours feavinff 
the reactor were water-scrubbed to remove 
some hydrogen fluoride, dried by pa^sgge 
through s caldum chJoride drying tx>wer, ead 
condensed and collected in a rcceivBP coofod 115 
with Dry Ice-acetone. A total of 36*1 gi 
(1.S1 mols) hydrogen fluonde was sorubbed 
out of the reactor exit gas. A total <^ 
342 g. of material was condensed and 
recovered an ^he receiver. On distiUatfon 120 
of the condensate, there were recoTOTd 316 
g. of material boilfng in the cange —16 to 
—17.5" a and 23 g. of stffl residue. 
Analysis, including infia-red absotpiion 
Spectrum analysis and gas chlomatDgs^y, 125 
established bom distillate aowl residue, a «oiai 
of 341 g, {2.0 mols), to be he^tafluorc^jiopanc. 
Hence, die yidd on the basis of hexafluoro- 
propene fed was substantially 100%. 
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Example B 
During a period of about 120 msOiUCe^ 
83 g, (4.40 mols) of anhy^iroui iydiogafc 
fluortde and abowt 278 ^ (1.85 mob) of 
Itexafluoroix&p«ic were pr epTTfci d and metered 
into che reacror Throughout the run die 
temperature in the reactor was mmiained in 
the range 300 to 306" C OvcraH contact 
dme was approxiiMCely d s eeciK fe . Hie 
vapours kavmg 4c icaccar we Iwndled 
as ia Example I. A total a£ a;boat 43 g. 
(2.15 mols) of hydrogen fluoride was scrubbed 
ogx of the it&cmc exit ^nd a total of 
316 g. of condensate was Tccovered in the 
Diy Ice aap. Oa dMlatixEt there were 
recovered as condensate about 291 g. o£ 
material boiling sabscmifailly in the (TTxtgc 
of —16 ito —17.5'* a and 25 5, of «tai 
residue- Anafysis, bcIiKling '{nfeA-ard 
absorption Srpecunm airfySB _ aad 
diromatogzaphy, f&owed bo^ distillate and 
raaidue to be ieptaflnonopropanc, m toJal 
amount of 316 g". (1.86 mdls). The yidd 
based en hexafluoropropcnc fed was suib- 
stantiaUy 100%. 
WHAT WE CLAIM IS:— 
1. Process for tlie production of 
33^-lKrErtafluoropropajifi> wiich ownprises 
brhtgtng a mixtiire of hcMflnoropropeiie and 
^i KgfflTunalTy anhydron^ hydrogui fiaiuide in 
the p&ise mto contact with m acdre 



carbon catalyst at a tcnapemurc o£ 250* — 
450' C 

2. Process acccidin^ <to Oami 1, wheicnt 
^ reaction ds eSecrted under substantriaily 35 
jtfiYiftflf^^fjc pressQiei 

3. Fxccc&3 accQirdii^ to Clanm I or 2» 
wherein tiie mol tacEo the hydrogen fluonde 
to the heKaAioropropene is be^een 1 : 1 
and 3:1. 40 

4. Process ftocording to Claim 3, wtoeitk 
<die mol i^ticr b between 1.5:1 and 3:1 and 
ihe reactian- tenipeiaoire is 375*— 425° CL 

5. Prcces) aococdm^ to oay cue of tbs 
preceding dzkas, ^riieidn the mixsuic of 45 
hydrogen fluoride and hex36iioi:t:^)trDpenc is 

£ed continuously into ond i^irou^ a. ttibulac 
reaction Zffljc cofttainia'g lAic actwt cai4>on 
and heated co die reactioa tempet^uicev apd 
iSit vapouxs teamog iihe zcois ax<e conlxmiiDUsity 50 
tteated to isolate hepsftuoropcopanc tfccee- 
&om« 

6. Process for the production of l,ljlA- 
3,3^-heptaAuoiopiDpan)e aocozdiDg ix> Gbim 

Ij subst3i»My 3s torfoTxtog described. £5 

7. J J J y ^^^^q Jnoyifflftii A nA p mp fl O^taooed 
by a procesa claunsd in ttxy one of the 
preceding claims. 

J. A. KEMP & CO., 
Obarceted Piaten* Agents, 
14, Souch Squane, Gi^% Ts3H, 
Loudoi^, W,C1. 
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